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Cyclonic Vacuum Cleaner 

This invention relates to a vacuum cleaner having a 
cyclone separator for separating dirt and dust particles from 
the airflow. 

Vacuum cleaners incorporating one or more cyclone 
5 separators are well known. Typically such cyclone separators 
comprise an air inlet at a first end of the chamber, which 
feeds tangentially into a separation chamber having an outer 
wall which tapers inwardly away from the inlet towards the 
second end of the chamber. An air outlet extends axially from 
10 the first end of the chamber. 

In use, dust laden air enters the cyclone chamber 
through the inlet, where it is forced around the curved wall 
of the chamber. The air swirls down the chamber in a cyclonic 
manner and the outward component of the force acting on 
15 particles suspended in the air tends to force particles in the 
flow against the outside of the wall of the chamber. 

The outwards force acting on the particles in the 
chamber is governed by the following equation: 

F * ™£ 



where 

2 0 F = the outwards force 

m = the mass of the dust particle 

v = the velocity of the dust particle 

r = the radius of curvature of the airflow 

Air is continuously being drawn radially inwards from 
25 the swirling airflow towards the outlet by the negative 
pressure at the outlet. This inward drag force attempts to re- 
entrain the separated particles back into the airflow. The 
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airflow rate and shape of the cyclone should be such that the 
outwards component F of the force acting oh dust particles over 
a certain mass is greater than the inwards drag component. 
Accordingly, the separated particles should remain in the 
swirling flow against the wall of the chamber until they reach 
the bottom of the chamber, at which point all of the swirling 
airflow has drawn radially inwards and the flow has changed 
direction. At this point the swirling deposited particles enter 
a collection chamber. 

The efficiency of any vacuum cleaner is defined as: 



Dust Concentration^ - Dust Concentration^, ^ 100% 



FFF 

SEP Dust Concentration^ 



The efficiency EFF SEP of a cyclonic vacuum cleaner 
depends on the magnitude of the outwards component of the force 
acting to force dust particles towards the wall of the chamber 
15 and on the magnitude of the drag component of the force acting 
to re-entrain the separated particles back into the flow. Both 
of these forces are dependent on the velocity of the airflow 
(or the airflow rate) . 

It is evident from the above that small cyclones having 
2 0 a narrow radius of curvature have a higher separation 
efficiency than larger cyclones. Accordingly, whilst large low 
efficiency cyclones are suitable for separating large dust 
particles, smaller higher efficiency cyclones are required to 
separate the lighter smaller dust particles. 

Hitherto, it has thus been common place to provide a 
low efficiency cyclone connected in series with a high 
efficiency cyclone. Thus arrangement is however bulky, 
complicated and costly to produce. 

In order to overcome this problem it has been proposed 
to provide a single cyclone for removing a large proportion of 
the dust particles connected upstream of a filter which removes 



25 



30 



WO 2004/008932 



PCT/GB2003/003247 



3 

any remaining dust particles. A disadvantage of this is that 
the filter has to be regularly cleaned or changed. Also, a 
large pressure drop can occur across the filter which 
substantially affects the airflow, especially when the filter 
5 becomes clogged. 

It is therefore an object of this invention to provide 
a single separation stage for vacuum cleaner, which is capable 
of separating substantially all of the dust particles. 

A large number of factors affect the separation 
10 efficiency EFF SEP , with one of them being the amount of 
deposited dust in the collection chamber that is re-entrained 
due to secondary air flows being induced in the collection 
chamber . 

Another factor affecting separation efficiency is the 

15 re-entrainment of separated dust within the cyclone chamber 
itself, which occurs when the inwards drag force of the airflow 
on the particles exceeds the outwards force. 

Accordingly yet a further object of this invention is 
to produce a single stage cyclone separator having a high 

20 separation efficiency. 

In accordance with this invention there is provided a 
vacuum cleaner incorporating a cyclone separator, the cleaner 
having an air inlet arranged to feed dust -laden air 
tangentially into one end of a chamber having a reduced 

25 diameter constriction intermediate opposite ends of the 
chamber, the chamber having first and second regions lying on 
respective opposite sides of the constriction, the diameter of 
the regions being greater than the diameter of the 
constriction, and means for creating a cyclonic airflow within 

30 at least a portion of . the first region of the chamber. 

We have found that a cyclone chamber having a 
constriction intermediate its opposite ends provides a high 
separation efficiency. 

The first region of the chamber acts as a cyclone 
35 separator and the second region acts as a collection 
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compartment for the deposited dust. It will be appreciated that 
the diameter of the chamber is restricted between the two 
regions and this acts to suitably separate the regions, so that 
little or no airflow is induced in the second region where the 
5 dust is collected. Accordingly, the re-entrainment of deposited 
dust is avoided. 

Any airflow which passes the narrowest point of the 
chamber will be constrained and thus the separated dust 
particles can move radially outwards away from the constrained 
10 cyclonic airflow, thereby alleviating the risk of re- 
entrainment of the separated particles by the radially inwards 
drag force . 

The chamber preferably has a diameter, which reduces 
over said first region between the inlet and the constriction, 
15 and which subsequently increases over said second region 
towards the opposite end of the chamber. 

Preferably, the diameter of the first region of the 
chamber is constant adjacent said inlet end. 

Preferably the chamber comprises a tubular wall which 

2 0 is formed as one piece. 

Preferably the rate at which the diameter of the wall 
increases and/or decreases axially of the chamber varies. 

Preferably a circular core extends axially of the first 
region of the chamber. 
25 Preferably the core comprises a tubular air outlet 

duct, having a wall which is preferably perforated. 

Preferably the profile of the core substantially 
corresponds with the profile of the chamber, so that a 
substantially uniform gap is provided between the core and the 

3 0 chamber wall. 

Preferably one or more circular baffles are mounted 
concentrically within the chamber at respective points 
intermediate opposite ends thereof. 

Preferably the baffles are mounted at or between the 
3 5 constriction and a point in the first region where the diameter 
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of the chamber is constant. 

Preferably, the gap between each of the baffles and the 
wall of the chamber is substantially uniform. 

Embodiments of this invention will now be described by 
5 way of example only and with reference to the accompanying 
drawings, in which: 

Figure 1 is a rear view of a body of a vacuum cleaner 
in accordance with this invention; 

Figure 2 is a front view of the body of Figure 1; and 
10 Figure 3 is a sectional view along the line III-III of 

Figure 2 . 

Referring to the drawings, a vacuum cleaner body 
comprises an inlet duct 10 carrying dust-laden air from a 
cleaning head tangentially into the upper end of a cyclonic 
15 separation chamber having a tubular wall 11. 

The internal diameter of the wall 11 decreases over an 
upper region 12 of the chamber between its upper end and a 
point intermediate opposite ends of the chamber. 

The internal diameter of the wall 11 may be constant 
20 over a central region of the chamber. 

The internal diameter of the wall 11 then increases 
over a lower region 13 of the chamber towards the lower end 
thereof . 

A tubular shroud 14 extends axially of the chamber from 

2 5 its upper end to a point intermediate opposite ends of the 

chamber. An outlet duct 15 is connected to the interior of the 
tubular shroud 14 via a filter assembly 16. 

The external wall of the tubular shroud 14 is 
preferably perforated over its lower end, in order to allow air 

3 0 to flow from the chamber to the outlet 15 via the centre of the 

shroud 14 . The radial distance between the external surface of 
the shroud 14 and the internal surface of the wall 11 of the 
chamber is preferably constant over a substantial part of the 
length of the shroud 14 . 
35 A flange extends radially outwards around the periphery 
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of the lower end of the shroud 14 to form a first baffle 17, 
which is located at or above the narrowest diameter portion of 
the chamber . 

A further flange extends radially outwards around the 
5 periphery of the lower end of the shroud 14 to form a second 
baffle 18 which is of a greater diameter than the first baffle 
17 and which is located above the first baffle 17 in the upper 
region 12 of the chamber, at a point where the diameter of the 
chamber is reducing. The radial distances between the baffles 

10 17,18 and their respective points on the chamber wall 11 are 
preferably substantially equal. 

In use the outlet 15 is connected to a fan which draws 
air through the inlet 10 and out of the chamber. The tangential 
orientation of the inlet 10 with respect to the wall 11 of the 

15 chamber creates a cyclonic airflow, whereby air spirals 
downwardly around the chamber towards its lower end. As the air 
flows downwards, the volume of air in the spiral flow is 
constantly being diminished by virtue of it having been drawn 
r-adially through the perforated shroud 14 towards the outlet 

20 15. 

At a point adjacent the central portion of the chamber, 
substantially all of the swirling air has been drawn through 
the shroud 14 . 

As the air swirls, dirt and dust in the airflow are 
25 forced radially outwardly against the interior of the wall 11 
by the radially outwards component of the force acting on the 
particles. The dirt and dust thus separated remains in an edge 
zone of the chamber and is carried downwardly by the flow until 
it reaches the point where the cyclonic flow ceases, whereupon 
3 0 the dirt and dust is deposited in the lower region 13 of the 
chamber . 

The divergent nature of the wall of the lower region 13 
of the chamber helps to ensure that the deposited dust therein 
is not re-entrained by secondary air flows induced in the lower 
3 5 region 13 of the chamber. 
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Any cyclonic airflow which extends into the lower 
region 13 of the chamber is suitably constrained by the narrow 
central region of the chamber and does not fully expand into 
the outer perimeter of the lower portion 13 of the chamber. 
5 Accordingly, separated dust particles that are held 

against the wall of the chamber in its upper region, as 
hereinbefore described, move into a peripheral region of the 
lower region 13 of the chamber and out of the cyclonic flow, 
where they are no longer subjected to the radially inwards drag 
10 force that draws them towards the outlet. 

In this manner, the re-entrainment of separated dust 
particles is avoided and the particles fall to the bottom of 
the chamber . 

A cyclone separator having a convergent- divergent wall 
15 in accordance with this invention has a substantially improved 
separation efficiency and thus helps to alleviate the need for 
a secondary separation stage. However, in cases where -the 
filter 16 is provided, it will be appreciated that the filter 
is less liable to clogging owing to the high separation 
20 efficiency of the cyclone stage. 
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Claims 

1. a vacuum cleaner incorporating a cyclone separator, 
the cleaner having an air inlet arranged to feed dust -laden air 
tangentially into one end of a chamber having a reduced 

5 diameter constriction intermediate opposite ends of the 
chamber, the chamber having first and second regions lying on 
respective opposite sides of the constriction, the diameter of 
the regions being greater than the diameter of the 
constriction, and means for creating a cyclonic airflow within 
10 at least a portion of the first region of the chamber. 

2. A vacuum cleaner as claimed in claim 1, in which the 
chamber has a diameter, which reduces over said first region 
between the inlet and the constriction, and which subsequently 
increases over said second region towards the opposite end of 

15 the chamber. 

3 . A vacuum cleaner as claimed in claims 1 or 2 , in which 

the diameter of the first region of the chamber is 
substantially constant adjacent said inlet end. 

4. A vacuum cleaner as claimed in any preceding claim, in 
20 which the chamber comprises a tubular wall, the rate of change 

of the diameter varying axially of the chamber. 

5. a vacuum cleaner as claimed in any preceding claim, in 
which a core extends axially of the first region of the 
chamber . 

25 6. A vacuum cleaner as claimed in claim 5, in which the 

core comprises a tubular air outlet duct. 



7. A vacuum cleaner as claimed in claims 5 or 6 , in which 

the profile of the core substantially corresponds with the 
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profile of the chamber, so that a substantially uniform gap is 
provided between the core and the chamber wall . 

8. A vacuum cleaner as claimed in any preceding claim, in 
which one or more circular baffles are mounted concentrically 

5 within the chamber at respective points intermediate opposite 
ends thereof . 

9. A vacuum cleaner as claimed in claim 8, in which the 
baffles are mounted at or between the constriction and a point 
in the first region where the diameter of the chamber is 

10 substantially constant. 

10. A vacuum cleaner as claimed in claims 8 or 9, in which 
the gap between each of the baffles and the wall of the chamber 
is substantially uniform. 
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